Regarding the climate changes, global warming, recent drought, forecasting the maximum temperature and hot weather waves has been considered as one of the most important climatic parameters which affects the ecosystems and provides a proper opportunity for the planners to prepare necessary arrangements. Studying and analyzing the maximum temperature is of great importance in managing the water and natural resources, agricultural products, spreading pests and diseases, melting the snow and flood, Evaporation and transpiration, drought and etc. In the present paper, the daily maximum temperature of ten weather stations in northern and southern hillside of Alborz which are geographically corresponded have been collected during 1980 to 2010 in order to determine the hot weather waves in these two hillside and also compare them with each other in April to September, furthermore, a heat index was specified for each month according to the above mentioned data, and the maximum temperatures which were more than the defined index were determined as the heat wave and these waves were categorized into two classes of short term and long term and then the related diagram were drawn and finally using the Markov Chain Model, the transition probability matrix and the reliability probability has been computed with multiple power. The duration period and the return of 1 to ten days for each month and in each weather forecast station was analyzed and studied and then the corresponding stations were compared and the process of temperature changes was discussed. The maximum short term term heat wave in the northern hillside belong terms to Gorgan, the long term heat wave belong terms to Qaem shahr and in the southern hillside, it belong terms to Semnan. The probability of the days, without the heat waves, after which a heat wave occurs, varies between 2% in Ramsar to 4% in Gorgan in the station located in the northern hillside; while in the stations located in the southern hillside, this amount varies between 4 to 5% (except Semnan, 80%). The results show that the frequency of 1 to 3 days is more than others in all the stations and also in all the seasons and the frequency of 1 to 5 days in the station of southern hillside are more obvious. In the ten days of return, Semnan shows a significant difference compared with other stations.
Introduction
Forecasting the quality and quantity of climatic changes is a subject which has attracted the climatologists' attention. Recognizing the climate system is a basic step in the forecasting process. One of the very important tools which play a significant role in this process is the climatic modeling and basically, understanding the modeling, different models and their various functions is unavoidable in knowing the climate and forecasting the future climate (Asakare, 2007: 210) . Temperature, as an index of heat intensity, is one of the significant elements of forecasting the weather. As the earth receives the energy of sun variably, the temperature bears lots of changes which unwontedly results in the wide changes I other elements of weather forecasting (kamali,2002, 1) . Therefore, the process of studying the temperature in different temporal-spatial scales has allocated a great part of climatic researches to itself. According to the probability rules, some of the random phenomena (like drought, over rain, flood, heat wave and so on) can be defined through the probability rules (are more probable to occur) (Akan and Houghtalen, 2003, 9) . A proper model is chosen in order to compute the occurrence probability of the phenomena; the Markov Chain Model which is employed in the atmospheric sciences in this paper to determine the probability of the days with short term and long term heat waves. The Markov Chain model is a mathematic approach for the modeling of random phenomena by which the statistical prediction of frequent occurrence or non-occurrence of phenomena in the future can be done according to the long term-term daily meaningful data collected from the weather forecast stations. Understanding lots of climatic events depends on the comprehension of occurrence probability of these events. The present paper tries to use this approach to study the temperature process in two northern and southern hillside of Alborz by a statistical index named heat wave for the selected weather stations to be properly compared and the frequency prediction of heat waves be determined by the Markov Model. The ecosystems change due to an increase in the heat waves and the intolerable temperature of the weather. The heat waves result in increasing droughts in summer, damaging the agricultural products, firing the forests and also damaging the human bodies' and tourism industry and its related activities. In the early twentieth century the global warming has been frequently started in different parts of the world; this mostly happens in the southern sphere of the globe. Markov Model is frequently used in different sciences. So many researchers and the writers employ this model in their researches.
Grigorten considered the Markov Chain Model useful for the weather forecast from several hours to several weeks (Grigorten, 1966:606) . In 1986, Sabra Maniam and sanjiva used the Markov Chain Model to study the products production related with the rain change in the coasts of India. Using the Markov Chain Model, Berger and Goossens (1983:34) analyzed the continuity of wet and dry period in Bulgaria. Colacino et al (Colacino, 1994:183) studied the temperature increase and its result which is heat wave in Mediterranean area and finally divided them into short term and long term waves. Employing the Markov Chain Model in 1998, Wide et al forecasted the wet and dry periods and classified Spain climate according to these periods. Caviar Martin and Lyda Gomez (Martin, 1988:537) categorized the regions in Spain according to the duration of its dry period through using Markov Chain Model. Baron et al used the Markov Chain Model in 2003 in order to study the occurrence of dry periods and its impact on the corn in Africa. In 2003, Anagnostopoulou studied the temporal and spatial changes of dry periods by using the Markov Model. Marina Baldi et al (Baldi, 2004:10) studied the heat wave in Mediterranean area and then analyzed the data collected in 53 summers in Mediterranean area by using the new data; they finally concluded that this event is more evident in July and August, the heat wave is short term in July and it is long term in August. Julio Diaz et al (Diaz, 2006:7) studied the effect of heat wave on the human bodies and examined the reasons of it. Seleshi and Camberlin used this model to study the dry periods in Ethiopia and Mihurta and Sharma studied the daily rain around Sydney and also they proved the capability of this model in estimating the long term term and short term term dry and wet periods. Different researches have been done in Iran which used the Markov Chain Model. In 1968 Hashemi studied the daily statistic of Tehran according to minimum amount of 0.2 mm. In 1983, using the same model, Meshkani examined the probability of wet and dry days repetition in Babolsar. Employing Markov Chain Model, Jafari Behi (1999) , examined the wet and dry periods in several weather forecast stations by analyzing the data collected during 30 years. Ashgar Toosi et al (2003:120) used the Markov Model and SPI approach and to study the probability of drought occurrence by SPI approach and showed that three situation of drought, normal and wet can happen according to the zoning maps. Yusefi et al (2007:121) tried to forecast the drought and over rain probability in Qazvin. Asakare et al (2010) studied the probability of dry days in Golestan Province by observing the daily rain of 51 weather forecast station during 20 years and compared the probability of dry days continuity in rainy districts of south and north parts of the province. Farid Hossein et al (2011) used this model to examine the temporal and spatial changes of yearly and seasonal dry periods in Khorasan Province. Alijani et al (Alijani, 2011:4) studied the continuity of two kinds of yearly rain of south of Iran by using the same model. In 2012, Mehdi QamQami and bazr Afshan examined the drought situation of weather forecasting in Iran using the same model in 33 stations during 1976 to 2005 by monthly statistics. In 2011, Yazdan Panah and Alizade started to study the probability of heat wave with different continuity periods in Kerman Province by using Markov Model and found the most amount of heat wave in April and May. The above mentioned findings of the research show that the Chain Markov is an appropriate model in order to predict the frequency of heat waves.
Data and Approach
The vast mountain range of Alborz which is like a barrier, is located in northern part of Iran and is like a necklace around the neck of Iran has created two different parts in its two hillsides. In the northern hillside, the vegetation is dense, the rainfall is intense, the morphology is specific, while the southern hillside, the dry weather is dominant and the temperature and the rainfall is completely different with the northern hillside. So, So, in order to reveal these differences and also compare them with each other, the heat waves have been studied by using the Markov Model in corresponding stations in the geographical latitude in two northern and southern hillsides. In the present paper, the daily data of maximum temperature of hot periods of the year from April to September of 1980-2010 have been extracted from ten weather forecast stations (regarding the establishment date of the stations). Table 1 shows the features of these stations and Map 1 shows their situation.
The Markov Chain Model is a model whose structure shows demonstrate the probability of changing from one mode into the other and also it shows the frequency and the occurrence probability. This model is a mathematic approach which is used to model the random phenomena which shows the consecutive monitoring in a period of time. The dependence of this Chain on time is expressed through correlation coefficient or through Transition probability matrix (Alizade et al., 2003) . It is supposed in this model that the climate is of two kinds, each outcome depends on t event before it and it doesn't depend on other previous events. In fact, the probability of the occurrence of a climatic phenomenon in the time of t depends greatly on the time of t-1 (Alizade, 2006: 284-285 2) Second, the mean and standard deviation of the data is computed through using the below formula in order to determine the heat wave index.
In this formula, M is the mean of the data, x is the maximum data of the stations and N is the number of the days. δ = √ x − n In this formula, the standard deviation of maximum daily temperature of the stations is computed for all the statistical days.
3) Determination of heat wave index : Baldi Heat Wave Index (2004) is used in order to determine the threshold in which the days are told to have heat waves.
Heat wave = m+1/5 × δ
The above mentioned formula has been used for all the stations separately and the days in which the maximum temperature is higher than the index were specified. Two basic questions which are asked about the above mentioned matrix is that whether the frequency is the independent mode or they follow the two-mode Markov Chain Model.
The second question is that based on the hypothesis of zero are the data without any specific process or based on the contrary hypothesis, they follow a specific process. In order to evaluate this matrix, the frequency is computed in two steps by the two-mode Markov Chain Model.
A. Persistence: the below formula is used in order to prove the persistence. If the achieved result is larger than zero, it is persistent and if the result is smaller than zero, it shows the lack of persistence (Alijani, 2011) .
r = P11 -P01
The significance of persistence is achieved through X2 in which it is supposed that there is no lack of persistence.
f o is the observation value and f e stands for the expected value.
The next step of the Kido test is computing the maximum temperature according to the collected data; and because the statistics were bigger than the extracted Critical Numbers (Asakare, 2011:535) ; the hypothesis of the stability of the data has been approved by expected Alfa of 99%.
B: Stagnation: this means that the transition probability of all the time periods should be the same. If the statistical period isn't stagnated, they must be changed into stagnated periods. All the powers of probability matrix (Pk) are random matrix. In the transition matrix, when the K enlarges, a very amazing phenomenon happens, i.e. all the rows of transition matrix would become equal in a way that if the matrix is powered again, there will be no changes in the elements. It means after a specific value on, as we increase k, there will be no changes in the probability matrix and the values of the corresponding rows will be equal in the matrix. It is said in this case that the matrix is stagnated. This occurrence probability matrix is called the stagnated matrix. Since the rows are equal in the matrix, it can be shown by a vector and is represented like πj (Asakare, 2008:49).
The probability vector of stagnated mode shows how much is the occurrence probability of a rainy day and dry day after a long term period of time (Jalali, 2011: 243) .
The transition matrix which has k steps has been computed to four decimal digits for the heat waves of the selected stations by Matlab software and it has been reached to stagnated mode. The results have been shown in table 11. In fact the row vector of this matrix demonstrates that the long term period of heat wave is possible to happen. 6) Predicting the n-day Heat Wave: One of the features of Markov Chain Model is it can be used for the forecasting of n heat waves which can be achieved through the below formula:
H n is the length of heat wave period, N stands for the number of all the days of the statistical periods, n is the length of heat wave (one day, 2 days, 3 days…). The tables below show the frequency of heat wave in each station through the above mentioned formula (Tables 12-21 ). 7) The Return Period of Heat Waves of n Days: the return period, is the normal situation of returning a phenomenon which is the opposite the probability situation. Regarding the return period, the normal time period taken for a one day heat wave to be repeated, can be determined. The return period of n-day heat waves can be specified by the below formula (Mahdavi, 2007) .
Rh is the return period of n-day heat wave. The determination of the return period is applicable in finding the strategies and confronting the probable outcomes. The return period of 1 to 10 days of each station has been drawn in diagrams 22 to 30.
8) The diagrams related to the heat wave and heat index have been drawn up. temperature not to follow a regular pattern. The increase of effectiveness of heat waves from the mountains and the height along term with the latitude is specified and also the effect of humidity on the temperature in the northern hillside and the lack of cloudiness in the southern hillside in the indication of heat waves are observed. The Markov Chain Model is efficiently used in order to estimate and recognize the heat waves in these two hillsides.
The results found by the Markov Chain Model in this research are represented below:
The increase trend of temperature in all the stations starts from April, reaches to the maximum amount in July and intends to decrease in September. The highest occurrence probability of heat wave is seen in Semnan, then in Shahrud and the least occurrence probability is observed in Noshahr and Ramsar in the selected years. The frequency of hot periods which lasted 1-5 days and specially 1-3 days are more than 5-10 days in all the stations in both the southern and northern hillside in all the months and the uniform distribution in the long term term waves can be observed in all the stations except Semnan and Shahrud. The highest happened heat waves whether they are long term term or short term term have occurred in June and July in both hillsides and the least amount has happened in April. Semnan has the highest heat wave among the selected stations. The difference between the occurrence frequencies in the return period is noticeable. Comparing the short term term (47 occurrences in the northern hillside and 232 in the southern hillside) and long term term (9.1 in the northern hillside and 156.5 in the southern hillside) heat waves of the southern and northern hillsides, the significant difference between the stations of both hillsides can be observed. The below results has been achieved by comparing the corresponding stations: the researcher has compared Qazvin with its corresponded station which is Ramsar and has found that the mean temperature of Qazvin varies between 20 to 35 degrees in the selected months and in Ramsar, it varies between 16 to 28 degrees. No heat wave has been seen in Qazvin in September, April and May and the highest number of one-day heat wave has happened 31 times in July while the heat wave has happened in all the months in Ramsar. There is no difference between the frequencies of 5-10 day heat wave. Comparing the Gorgan and Shahrud, it can be shown that the mean temperature of Gorgan varies between 21 to 33 degrees and in Shahrud varies between 18 to 30 degrees. The highest number of short term term waves in Gorgan is 47 days; in Shahrud is 101.7 days and the long term term heat waves are 6 and 27 days respectively which show significant difference. The results found by the comparison of Ardabil and Astara indicate that highest frequency of one-day heat wave in Ardabil is 50 days in August and is 22 days in Astara. There is no heat wave in April and May in Astara but it can nearly be observed in Ardabil. The comparison of Noshahr with Tehran represent that the number of long term term heat waves in Tehran is 8 and in Noshahr is 5.7 in July while the short term term heat wave in Tehran and Noshahr are 64.7 and 20.7 respectively. The long termest return periods in Noshahr has happened in April, May and September, the occurrence frequency in all the months is not the same in Tehran. The short termest return period lasted one day is 52 days in July and 196 days in Noshahr in August. The remarkable results have been found when the researcher has compared Semnan and Qaem Shahr. The frequency of the heat wave has happened 24 times in Qaem Shahr in August and the heat wave has lasted one day and the 6-10 day periods have decreases but the prediction frequency reaches to 10 days and can be seen in all the months. The highest number of short term waves in Semnan is 232 days in May and the highest number for the long term wave is 156.5 in the same month while, they are 48 and 9 for Qaem Shahr respectively. The ten-day return period in Semnan is 37 in September and 109 in June.
Studying the heat waves in the hot months of the year, the research results demonstrate that the hot winds, forest firing and destruction of forests, disease outbreak, damage to animals, damage to agricultural products, the short termage of water resources and the need for the energy, the use of air conditioners and the change of tourists' destinations in a region increases and some strategies and plans should be suggested to prevent great losses.
